The Th-2 response to microfilariae of Brugia malayi in BALB/c mice is associated with peritoneal eosinophilia. These eosinophils had an activated hypodense phenotype in vivo and expressed high levels of the class II major histocompatibility complex (MHC). Interleukin 4 up-regulated the class II MHC, whereas gamma interferon inhibited class II MHC expression on eosinophils.
Eosinophilia is a prominent feature of the immune response to helminthic parasites such as Brugia malayi, the cause of human lymphatic filariasis. Eosinophils not only serve as cytotoxic effector cells but also may function as immunoregulatory cells (1, 16) . In support of the latter are the findings that eosinophils express mRNAs for cytokines such as interleukin 1 (IL-1), transforming growth factor I, tumor necrosis factor a, IL-3, IL-5, and IL-6 (3, 8) . Furthermore, activation of eosinophils by culture in medium containing granulocyte macrophage colony-stimulating factor or IL-3 results in up-regulation of class II major histocompatibility complex (MHC) molecules, as well as intracellular adhesion molecule 1 (6, 9) . In addition, eosinophils have been demonstrated to serve as antigen-presenting cells for CD4+ T-cell clones and T-cell hybridomas (2, 6, 17) . Little is known, however, about the in vivo expression and regulation of class II MHC expression on eosinophils. Low levels of class II MHC have been demonstrated on eosinophils isolated from the sputum of asthmatics and the peritoneal fluid of peritoneal dialysis patients and on murine peritoneal eosinophils in Mesocestoides corti infection (2, 5, 14) .
The current studies were undertaken to determine the level of expression of class II MHC on murine eosinophils activated in vivo by B. malayi and to determine the roles of IL-4, IL-5, and gamma interferon (IFN--y) in the regulation of class II MHC expression on eosinophils. We utilized a model of acquired resistance to B. malayi, in which intraperitoneal inoculation of 104 live microfilariae (MF) into B. malayi antigen (BMA)-sensitized BALB/c mice results in a dominant CD4+ Th-2 response (IL-4 and IL-5) in the peritoneum, lymph nodes, and spleen (12, 13) . Development of this Th-2 response is associated with eosinophilia in the peritoneum, elevated immunoglobulin E (IgE) levels, and clearance of MF. As shown in Fig. 1 Eosinophils were purified from PEC as described by Del Pozo et al. (3) . Adherent mononuclear cells were removed by adherence to plastic dishes, remaining cells were placed on a discontinuous Percoll gradient of 50, 59, 66, and 68%, and eosinophil-enriched fractions were harvested from the 50-59% and 59-66% interfaces. The majority of eosinophils were found at the 50-59% interface and were considered hypodense. Additional eosinophils were obtained from the 59-66% interface (<15% of those found at the 50-59% interface) and were considered normodense. The eosinophils were enriched from 19 to 55% in the starting PEC to 63 to 86% of the final population. Neutrophils were the major contaminating cell type for normodense eosinophils, and lymphocytes were the major contaminating cell type for hypodense eosinophils. Eosinophils thus obtained were either analyzed directly for class II MHC expression by fluorescence-activated cell sorting (FACS) or cultured in conditioned medium (CM) consisting of 50% (vol/vol) supernatant of bovine pulmonary artery endothelium cells (15) . Endothelial cells secrete granulocyte macrophage colonystimulating factor, which is responsible for maintaining eosinophil viability (7) .
To measure class II MHC molecule expression on eosinophils, cells were stained by indirect immunofluorescence with rat monoclonal antibody M5/114 (IgG2b; anti-l-A , I-Edk). Rat myeloma IgG2b served as an isotypic control, and M1/42 (IgG2a; anti-class I MHC framework) served as a control cell surface marker. Eosinophils were analyzed by FACS and fell within a gate of forward and 900 light scatter patterns distinct from lymphocytes and macrophages. The gate was validated by cell sorting and was found to contain >99% eosinophils with a viability of >90% by propidium iodide staining. As shown in Fig. 2A These findings are in contrast to the results of studies of M. corti infection in which most of the eosinophils were normodense and the average class II MHC expression was 8.3% (2) . Differences in the parasite challenge (B. malayi MF versus M. corti larvae) or prior sensitization versus infection may explain the observed differences in the degree of in vivo activation of eosinophils. Further activation of eosinophils was observed after culture in CM for 24 h. Class II MHC expression was up-regulated in both hypodense and normodense eosinophils (Fig. 2C , 35% increased to 54%; Fig. 2D , 8% increased to 41%). In addition, the normodense eosinophils became hypodense as measured by sedimentation at the 50-59% Percoll interface. Average class II MHC expression after 24 h in culture was 46 ± 10% in 10 experiments.
The Th-2 response to B. malayi is characterized by high levels of IL-4 and little IFN--y (12). These cytokines can regulate class II MHC expression on antigen-presenting cells (4, 10, 11) . The effect of IL-4 and IFN--y on class II MHC expression on eosinophils was measured by culturing eosinophils in CM for 24 h in the presence of either IL-4 or IFN--y. As shown in a representative experiment in Fig. 3 , IL-4 enhanced (panel B) and IFN-y decreased (panel C) class II MHC expression on eosinophils compared with CM alone (panel A). Optimal cytokine doses were 3 to 30 U/ml for IL-4 and 1 to 10 U/ml for IFN-y. IFN-y doses of up to 1,000 U/ml had no effect on viability or class I MHC expression, indicating that nonspecific toxicity did not account for the down-regulation of class II MHC. Culture of eosinophils in the presence of IL-5 had no effect on class II MHC expression. A summary of nine experiments on the effects of IL-4 and IFN-y on the regulation of class II MHC expression is shown in Fig. 4 . IL-4 and IFN--y had consistently opposite effects on class II MHC expression (P < 0.0001), in contrast to IL-5, which had no effect. Regulation of class II MHC expression on eosinophils by IL-4 and IFN--y is similar to that seen with murine B cells. up-regulates class II MHC and IFN--y inhibits IL-4-mediated up-regulation of class II MHC on murine B cells (4, 10, 11) . In contrast, IFN--y enhances class II MHC on murine macrophages (4). These results demonstrate that eosinophils isolated from the site of an in vivo CD4+ Th-2 response to B. malayi are activated to a hypodense phenotype and express high levels of class II MHC. The ability of the Th-2 cytokine IL4 to up-regulate class II MHC further suggests that the in vivo cytokine milieu promotes the immunoregulatory role of eosinophils. The findings that class II MHC-bearing eosinophils, both human and murine, present antigen and superantigen indicate that class II MHC molecules on eosinophils are functional for CD4+ apTCR+ T cells (2, 6, 9a, 17) . MHC-expressing eosinophils and their role in the regulation of CD4+ T-cell responses to helminths and allergens.
